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In the 1970s, there was considerable uncertainty about the
function of the hippocampus. Study of the amnesic patient,
H. M., who had sustained a bilateral medial temporal lobe
resection, indicated that this region of the brain was impor-
tant for memory functions (Scoville and Milner, 1957). How-
ever, the medial temporal lobe is a large region that includes
not only the hippocampus, but also the amygdala and adja-
cent cortex. The relevance of the hippocampus itself to H.
M.’s memory impairment was uncertain. In addition, studies
of rats and other animals with hippocampal lesions pointed
in a number of directions other than memory, and there
seemed to be little common ground in the work on different
species (for reviews from this period, see Douglas, 1967; Kim-
ble, 1968; Isaacson, 1974; Iversen, 1976).

Then. in 1978, four interesting things happened. First,
Horel (1978) evaluated the available data and proposed that
the important brain region for memory was not the hippo-
campus at all but temporal stem white matter, which lies ad-
jacent to the hippocampus just above the lateral ventricle.
This interpretation was subsequently ruled out by experi-
ment, but the argument was cogently developed and dem-
onstrated effectively that in 1978 the idea that the hippocam-
pus is important for memory was not on firm ground. Second,
it was reported that a large medial temporal lobe removal in
the monkey. similar to the surgical lesion sustained by patient
H. M., caused severe memory impairment (Mishkin, 1978).
Although there was more to do before the impairment was
fully understood (Mishkin et al., 1982; Squire and Zola-Mor-
gan, 1983; Zola-Morgan and Squire, 1991), this publication
was the first of a new era of work on the neuroanatomy of
memory, and, in this sense, it signalled the successful estab-
lishment of an animal mode! of human amnesia in the non-
human primate. The third event occurred in September 1978,
when patient R. B. became amnesic as the result of a post-
operative ischemic event. After his death 5 years later, he
was found to have selective bilateral damage to the CAI re-
gion of the hippocampus. This case thereby provided com-
pelling evidence that damage limited to the hippocampus
could cause clinically significant memory impairment (Zola-
Morgan et al., 1986). Finally, in the same year, O’Keefe and
Nadel (1978) published their seminal book. Their view, which
was influenced especially by work with rodents, was that the
hippocampus is a cognitive map, a memory system that com-
putes and stores information about allocentric (viewer-in-
dependent) space.

The function of the hippocampus is much better understood
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now than it was in 1978, and a case can be made that the
findings from work with different species are in congruence.
From a contemporary perspective, the spatial memory hy-
pothesis advanced by O’Keefe and Nadel (1978) and recon-
sidered by Nadel (1991) was influential and far-sighted, but
it provides an incomplete account of hippocampal function.
Certainly. many findings are consistent with the idea that the
hippocampus is involved in spatial memory. In rodents, dam-
age to the hippocampus or related structures causes severe
impairment in spatial memory tasks (for reviews, see Olton
et al., 1979; Barnes, 1988). In addition, patients with hip-
pocampal damage are impaired on spatial memory tasks (Mil-
ner, 1965; Warrington and Baddeley, 1974: Smith and Milner,
1981: Smith, 1988).

However, it is also the case that damage to the hippocam-
pus produces memory impairment in nonspatial memory
tasks. For example, in rodents. lesions of hippocampus or
related structures impair odor discrimination learning (Ei-
chenbaum et al., 1988), the ability to time a short interval
(Meck et al., 1984), and performance in configural discrimi-
nation tasks that require remembering unique combinations
of stimuli (Sutherland et al.. 1989: Rudy and Sutherland,
1989). In monkeys, visual object recognition and the learning
of simple visual object discriminations are impaired following
damage to the hippocampal formation (Squire and Zola-Mor-
gan, 1983 Zola-Morgan et al., 1989). In humans, the impair-
ment also extends beyond spatial material and includes im-
paired memory for autobiographical events, verbal material,
time, faces, tactual sensations, music, and odors. An earlier
comment on the cognitive mapping hypothesis, which is ap-
plicable today, stated: ‘It seems doubtful that this memory
defect can be considered spatial in any interesting way, since
the defect includes memory loss for material that is not spatial
in the ordinary sense’’ (Squire, 1979, p. 514).

Although the hippocampus is clearly not involved in spatial
memory exclusively. it is still possible to suppose that spatial
functions are more important, or more fundamental, opera-
tions of the hippocampus than other, nonspatial functions.
For example, it has remained possible that the hippocampus
plays a disproportionately large role in spatial memory com-
pared to other kinds of memory. In this view, hippocampal
damage might impair both spatial and nonspatial memory, but
spatial memory would be more severely impaired. A second
possibility is that the hippocampus is needed to carry out
certain kinds of (allocentric) spatial computations, even
within immediate memory. Immediate memory, as measured
by digit span, is intact in severely amnesic patients, including
patients with hippocampal damage, but immediate memory
has not been carefully evaluated using other kinds of material.
[s it possible that patients with hippocampal damage have
difficulty performing spatial computations within immediate
memory?

Recently, it has been possible to test both of these ideas
in amnesic patients with confirmed damage to the hippocam-
pus. To test the idea that spatial memory might be dispro-
portionally impaired in patients with hippocampal damage,
subjects studied an array of 16 toys (cf. Smith and Milner,
1981) and were then given tests of object name recall, object
name recognition, and object location (Cave and Squire,
1991). By testing control subjects after a long retention delay
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(3-5 weeks), it was possible to match their object memory
performance to that of the patients (who were tested after a
delay of 5 minutes). At this same delay, the spatial memory
performance of the control subjects also matched the spatial
memory performance of the patients. Thus, the impairment
in location memory exhibited by the amnesic patients was
proportional to the impairment in object memory. These find-
ings suggest that spatial and nonspatial memory are equiva-
lently impaired following hippocampal damage.

Recent comparisons of spatial location memory and object
memory in monkeys with hippocampal lesions did find a more
severe impairment in object-place association learning than
in visual object memory (Mishkin, 1978; Parkinson et al.,
1988). However, it is not clear in this case that the two tasks
differ only in the dimension of interest, that is. that the only
relevant difference is that one task is spatial and the other is
not. For example, the object-place task required that the lo-
cation of an object be recalled, while the visual object task
required that an object be recognized as familiar. Recall is
more difficult than recognition, and in humans recall tasks
are much more sensitive to the effects of hippocampal damage
than recognition memory tasks.

To test the possibility that patients with hippocampal dam-
age might fail spatial tasks within immediate memory, am-
nesic patients and control subjects performed three different
tasks requiring either retention or mental manipulation of spa-
tial information within the span of immediate memory (Cave
and Squire, unpublished observations). All three tasks were
sufficiently difficult that errors were common, even at the
shortest study-test intervals (0—1 seconds). Yet, the patients
performed entirely normally at the short delays. They were
able to remember the location of a dot on a line, they could
remember the relative orientations of two lines that formed
an angle, and they could perform mental mirror reversals of
visually presented patterns. These findings suggest that the
hippocampus is not functioning to carry out spatial compu-
tations in immediate memory.

The cognitive mapping hypothesis, as originally formulated
(O’Keefe and Nadel, 1978) and as summarized by Nadel
(1991), provides too narrow a view of hippocampal function.
Spatial memory tasks are simply a good example of a broader
category of memory tasks that require the hippocampus. The
hippocampus is essential for the acquisition of information
about combinations, conjunctions, and relationships among
stimuli and stimulus features (Sutherland and Rudy, 1989;
Eichenbaum et al., 1989; Squire et al., 1989). Representations
established with the participation of the hippocampus have
particular characteristics (e.g., they are often formed rapidly,
are flexible and accessible to multiple response systems, and
are accessible to conscious recollection). Learning that oc-
curs without the participation of the hippocampus is often
gradual, is relatively inflexible, and is expressed through per-
formance without access to conscious recollection.

Although the hippocampus is important in spatial memory,
it plays no special role in this regard. The cognitive mapping
hypothesis could be made sufficiently general to encompass
the findings discussed here, but it would then be difficult to
distinguish it from other views that describe the function of
the hippocampus in broader, more abstract terms (e.g., de-

clarative, configural, or relational). Whatever terms are used
to describe the kind of memory that depends on the hippo-
campus, experimental work since 1978 has moved gradually
to the conclusion that spatial (allocentric) memory is an ex-
emplar of a more abstract category. Findings from rats, mon-
keys, and humans now appear to be in good correspondence
on this point.
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